Abs/r.ac/. Vesicular stoniatitis virus was inoculated into the dorsal lingual epithelium of three cows. The reaction that developed in 72 h was characterized by severe acute diffuse glossitis with intercellular edema and necrosis of keratinocytes. Virions budded from the plasma membrane and were in the intercellular spaces. Reduplication of desmosomes was a prominent alteration, and normal desmosomes were within the cytoplasm. Intracytoplasmic desmosomes appeared to be formed by endocytosis after breaks occurred in the plasma membrane of one cell; endocytosis of loops of plasma membrane containing desmosomes; and formation of desmosomes on invagination of the plasma membrane.
Vesicular stomatitis is caused by rhabdovirus, which naturally affects cattle, horses and swine and produces vesicular lesions in the epithelium of the tongue, gingiva, lips, teats, coronary bands, interdigital spaces and snout. Gross lesions begin as small papules that become hyperemic and rapidly develop into vesicles that coalesce to form bullae. Normal movement of the skin causes bullae to rupture and form erosions or, occasionally, ulcers. Intercellular edema in the stratum spinosum is an early change and leads to acantholysis and vesicle formation [3, 4, 221. RIBELIN [I91 found similar histologic lesions in bovine lingual organ culture infected with vesicular stomatitis virus and concluded that intercellular edema was not secondary to vascular damage. Several tissue cultures infected with stomatitis virus have been studied by electron microscopy [l , 5,6, 10, 15, 17,2 1,261, but ultrastructural lesions in infected bovine lingual epithelium have not been reported. This paper reports the ultrastructural changes occurring in vesicular stomatitis; special attention is given to the mechanism of cellular separation (acantholysis) in bovine lingual epithelium.
Materials and Methods
A 5% suspension of normal bovine lingual epithelium was prepared in tryptose broth (5000 units of penicillin G and 5000 mg streptomycin/ml) with a ten Broeck grinder and centrifuged for 15 min at 1000 g. The supernate was collected, and each of two 3-yearold mixed-breed cows was inoculated in the dorsal lingual epithelium with 4 ml. Small amounts of supernate were inoculated along numerous needle tracts with a 22-gauge, I-in needle.
Each of three 3-year-old mixed-breed cows was inoculated in the dorsal lingual epithelium with 4 ml of a similar 5% suspension of bovine lingual epithelium containing loo median tissue culture infectivedoses of New Jersey strain VSV/ml. Small amounts of theviral suspension were inoculated along numerous needle tracts made with a 22-gauge, I-in needle.
The cows were killed 72 h after inoculation, and I-mm-thick sections of lingual epithelium were collected. Biopsy specimens, 1 mm thick, were taken from the dorsal lingual epithelium of two uninoculated cows. These sections were placed in 2.5% glutaraldehyde for 2 h. Tissues were then rinsed in cacodylate buffer, fixed in 1% osmium tetroxide for 1 h, dehydrated in a graded series of ethanol, and embedded in epoxy resin. Sections 1 pm thick were cut and stained with toluidine blue. Ultrathin sections were cut from selected areas of the embedded tissue, stained with lead citrate and uranyl acetate and examined with a Philips model 200 electron microscope at 60 Kv.
Results
Ultrastructurally, bovine lingual epithelium from the two uninoculated cows consisted of stratum germinativum, stratum spinosum, stratum granulosum, an indistinct stratum lucidum and a thick stratum corneum. Keratinocytes in the stratum germinativum were low columnar. Ribosomes, an occasional profile of endoplasmic reticulum, and loosely arranged, randomly oriented tonofilaments were in the cytoplasm. In the stratum spinosum, keratinocytes were cuboidal t o elongated, and tonofilaments were arranged in conspicuous cytoplasmic bundles. Cells in the stratum granulosum were elongated, and dense bundles of tonofilaments criss-crossed their cytoplasm. Keratohyalin granules were scattered throughout the cytoplasm. In the cornified layers (stratum lucidum and stratum corneum), all cellular organelles were absent, nuclei were not present, and the cytoplasm was occupied by dense tonofilaments.
Lingual epithelium from cows inoculated with a suspension of normal epithelium was similar to that observed in uninoculated cows. An occasional widened intercellular space and neutrophil were the only changes observed in the dorsal lingual mucosa.
Ultrastructural lesions in infected lingual epithelium were confined t o the stratum germinativum and stratum spinosum. An occasional keratinocyte in the stratum germinativum was found separated from adjacent keratinocytes and from the basal lamina. Vesicular stomatitis virus matured at the plasma membrane, and desmosomes were found in the cytoplasm.
In the stratum spinosum, two or three cell widths from a mucosal vesicle, cytoplasmic vacuoles, swollen mitochondria, and intercellular edema were the only lesions. The number of desmosomes between keratinocytes and the number of tonofilament bundles in the cytoplasm were normal when compared with control sections ( fig. 1 ). 3 . Partially separated lingual keratinocytes adjacent to a mucosal vesicle. A cytoplasmic projection with desmosomes at one end is present between the cells. Debris is in the intercellular space. Cytoplasmic vacuoles (V) and desmosomes (D) with vacuoles attached to one end are in the cytoplasm. Inset: Small stretched cytoplasmic projections with desmosomes at one end are holding the keratinocytes together. Fig. 4 . Junction between two keratinocytes adjacent to a mucosal vesicle. Halfdesmosome (A) is on the plasma membrane. A small cytoplasmic mass without a distinct cell membrane on the free edge is attached to two desmosomes (B), and a small corresponding segment of cytoplasm not covered by a plasma membrane is in the adjacent keratinocyte (C). Adjacent to mucosal vesicles in the stratum spinosum, keratinocytes contained numerous desmosomes, swollen mitochondria and vacuoles in the cytoplasm. Tonofilaments were diffusely scattered throughout the cytoplasm and did not form bundles. The intercellular spaces between desmosomes of many keratinocytes were dilated and contained 'bullet-shaped' virions and fluid ( fig. 2 ). Stretched cytoplasmic projections held some cells together. Desmosomes were always at one end of these cytoplasmic projections with the end opposite the desmosomal attachment narrow ( fig. 3) . Small cytoplasmic fragments without a plasma membrane along one edge were still attached to intact cells by desmosomes. Corresponding breaks in the plasma membrane of the adjacent keratinocyte could be found ( fig. 4 ). Cytoplasmic plaques (half-desmosomes) occasionally were found on separated segments of plasma membranes ( fig. 4, 5) . Simple and irregular invaginations of the plasma membrane were found in some partially separated keratinocytes, and intracytoplasmic desmosomes were on parallel lamellae ( fig. 6) . In other keratinocytes adjacent to the mucosal vesicle, the cytoplasm contained endocytosed spherical cytoplasmic masses, surrounded by two plasma membranes with desmosomes between them. Connections between these membranebound masses and the surrounding plasma membrane could not be found in serial sections. Remaining intercellular desmosomes were on flat opposed plasma membranes and covered a greater than usual area ( fig. 5 ).
Fig.
Desmosomes were present in the cytoplasm of each partially separated keratinocyte. Most of the desmosomes were free in the peripheral cytoplasm, and small vacuoles were attached to the end of some desmosomes ( fig. 3,5-7) . Some desmosomes were degenerate, but a trilamellar structure was still present between parallel cytoplasmic plaques of many intracytoplasmic desmosomes.
Isolated epithelial cells in mucosal vesicles were spherical and contained desmosomes in the peripheral cytoplasm. Nuclei were pyknotic, and numer- Fig. 6 . Two keratinocytes adjacent to a mucosal vesicle with an irregular invagination of the plasma membrane. An intracellular desmosome is on two parallel lamellae of the invaginated membrane. Focal segments of this plasma membrane are as electron dense as that part in desmosomal cytoplasmic plaques. Two other intracytoplasmic desmosomes (D) are also present. Inset: Simple infold of the plasma membrane containing an intracytoplasmic desmosome with attached tonofilaments extending into the cytoplasm. ous vacuoles were in the cytoplasm immediately beneath the plasma membrane. Phagocytized pieces of keratinocytes occasionally were found in the cytoplasm. Neutrophils, cellular detritus and fluid surrounded the isolated keratinocytes. Spherical or triangular tags of cytoplasm frequently were seen attached by desmosomes to the plasma membrane ( fig. 7) . The plasma membrane of most of these cells was electron-dense, and desmosomes were present on invaginations of the plasma membrane ( fig. 8 ). There were small vacuoles on the end of some desmosomes opposite the attachment to an invagination of plasma membrane ( fig. 9 ). When two keratinocytes in a vesicle were attached, the number of desmosomes on the plasma membrane increased ( fig. 10 ). Fig. 9 . Keratinocyte isolated in a mucosal vesicle. Intracytoplasmic desmosomes are on an infold of the plasma membrane. A trilamellar structure is between the plasma membrane of this desmosome. Fibrils extend into the cytoplasm from the cytoplasmic plaques.
Discussion
Intercellular edema was evident ultrastructurally between bovine lingual epithelial cells during acantholysis. Intercellular edema in cultures of bovine lingual epithelium [8, 191 primarily was due to lesions in keratinocytes. Ultrastructurally, the plasma membrane of keratinocytes thickened. Viral induced membrane lesions probably caused permeability changes and sub- sequent cellular separation. Other acantholytic mechanisms are (1) activation of complement by properdin or C3 proactivator (C3PA) as reported in herpes gestationis, systemic lupus erythematosus, and bullous pemphigoid [18] and pemphigus [12] ; (2) desmosomal dedifferentiation as described in wool follicles [ 161 ; and (3) destruction of glycocalyx by enzymes from neutrophilic or keratinocytic lysosomes. Whorls of tonofilaments were not present in the cytoplasm of infected keratinocytes as reported in pemphigus [9, 24, 251, nor in familial acantholysis of Angus calves [l 11.
Endocytosis of desmosomes apparently represented a normal phenomenon in injured keratinocytes. Intracytoplasmic desmosomes have been reported in keratinocytes after keratin stripping [14] , after radiation [7] , in injured hair root cells [23] and in neoplastic keratinocytes [2, 131. Desmosomes, formed on invaginations of the plasma membrane, migrated into the cytoplasm of lingual keratinocytes. These desmosomes did not represent a stage of maturation as reported in the fish [20] .
The number of desmosomes in infected bovine lingual epithelium indicated they either were not rapidly destroyed in the infected keratinocytes as reported in keratin stripping [14] , or more desmosomes were being formed and moving into the cell than could be destroyed by the infected keratinocyte.
